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© INJECTION PRESSURE CONTROLLER OF MOTOR-OPERATED INJECTION MOLDING MACHINE. 



© An injection/dwelling pressure controller capable 
~". of producing a high-quality molded article without 
using any expensive die pressure sensor. When a 
iNJ plurality of points for defining a target 
£2 "njection/dwellihg pressure curve represented by a 
function of an elapsed time after the start of injection 
are inputted sequentially and manually, the proces- 
sor (109) of a numerical controller (100) calculates a 
group of target injection/dwelling pressure data on 
the basis of a target pressure curve displayed on the 
ti screen of a display (113) and stores them in a look- 
LU up table in a common memory (102). A comparator 
(11) connected to a pressure sensor (4) disposed on 
an injection screw (1) for detecting an actual 



injection/dwelling pressure is connected to the nu- 
merical controller through a first change-over switch 
(6) at the start of the injection. The target pressure 
data are sequentially read out from the look-up table 
and sent to the comparator, and an injection servo 
motor (2) is driven and controlled by a torque control 
unit in a servo circuit (200) v.-hich operates in re- 
sponse to the comparator output representing the 
difference between the actual pressure and the tar- 
get pressure. Accordingly, an injection/dwelling pres- 
sure is always regulated \o a suitable value on a 
closed loop basis and the quality of a molded article 
can be improved. 
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TECHNICAL FIELD 



The present invention relates to an injection 
pressure control apparatus for an electrically-op- 
erated injection molding machine, and more par- 
ticularly, to an injection pressure control apparatus 
which permits the production of high-quality mol- 
ded articles without the need of using an expensive 
internal mold pressure sensor. 

Background Art 

Conventionally, a hydraulically-operated injec- 
tion molding machine is known, which is so de- 
signed as to maintain the maximum internal mold 
pressure at a predetermined target value during a 
period for the filling of a mold with a molten resin, 
thereby preventing excessive or short filling. In the 
injection molding machine of this type, the internal 
mold pressure is subjected to closed-loop control 
by means of a hydraulic mechanism in accordance 
with a feedback signal indicative of the internal 
mold pressure and supplied from a pressure sen- 
sor disposed in a resin passage of the mold 
(Japanese Patent Publication No. 58-52486). How- 
ever, the internal mold pressure sensor, which is 
arranged to be embedded in the resin passage, is 
high in cost. Moreover, since the internal mold 
pressure sensor is exposed to molten resin, it is 
liable to be lowered in performance and have short 
life. These drawbacks are particularly noticeable 
when the pressure sensor is embedded in a hot- 
runner mold. Furthermore, it is difficult to dispose 
the internal mold pressure sensor in the hot-runner 
mold which provides only a small embedding 
space for the sensor. 

Also known is an electrically-operated injection 
molding machine which is so designed as to con- 
trol the injection speed in an injection process to a 
target value which can be variably set in accor- 
dance with the axial moved position of an injection 
screw, control the hold pressure in a hold process 
to a target value in accordance with a detection 
output supplied from pressure detecting means, 
formed of an internal mold pressure sensor or a 
strain gauge, and optimize the timing for the 
switching from the injection process to the hold 
process (Japanese Provisional Patent Publication 
No. 62-218118). In the injection molding machine 
of this type, however, the injection pressure some- 
times becomes improper. In this case, the quality 
of molded articles is degraded. 

Disclosure of the Invention 

The object of the present invention is to pro- 
vide an injection pressure control apparatus for an 



electrically-operated injection molding machine, 
which permits the production of high-quality mol- 
ded articles without the need of using an expensive 
internal mold pressure sensor. 

5 In order to achieve the above object, according 

to the present invention, there is provided an injec- 
tion pressure control apparatus mounted to an 
electrically-operated injection molding machine in 
which an injection screw is driven in an axial direc- 

70 tion thereof by means of a servomotor, to thereby 
apply an injection pressure to molten resin through 
the injection screw. The injection pressure control 
apparatus comprises: a pressure sensor mounted 
on the injection screw for generating an output 

75 indicative of a pressure applied to the injection 
screw by the molten resin and corresponding to an 
actual injection pressure; setting means for setting 
a target injection pressure beforehand; and control 
means for controlling the actual injection pressure 

20 to the target injection pressure in a closed-loop in 
accordance with the pressure sensor output and 
the target injection pressure. 

Preferably, the apparatus of the present inven- 
tion is operable to control a hold pressure in a like 

25 manner, and the setting means is operable to vari- 
ably set the target injection pressure in accordance 
with a time period elapsed from an instant at which 
injection starts, and the control means is operable 
to control an output torque of the servomotor, 

30 thereby controlling the actual injection pressure to 
the target injection pressure. 

According to the present invention, as de- 
scribed above, the actual injection pressure is con- 
trolled to the target injection pressure in a closed- 

35 loop in accordance with the pressure sensor output 
indicative of the actual injection pressure and the 
target injection pressure set beforehand, whereby 
the injection pressure can be rationalized, and thus 
the quality of molded anicies can be improved. 

40 Since it is only required for the pressure sensor to 
be arranged such that the sensor is enabled to be 
mounted on the injection screw and to detect the 
pressure acting on the irnection screw from the 
molten resin, the manufacturing costs of the pres- 

J5 sure sensor can be made much lower than those of 
an internal mold pressure sensor, which should be 
arranged to be embeddec in a mold. Further, the 
pressure sensor can be prevented from being 
lowered in performance due to the exposure to the 

so molten resin, and therefore, the service life is pro- 
longed and the maintenance is facilitated. Further- 
more, no substantial difficulties are encountered in 
mounting the sensor on an injection molding ma- 
chine equipped with a hot-runner mold which pro- 
vides only a small embec-mg space for the sen- 
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sor. 

Preferably, the target injection pressure can be 
variably set in accordance with the time period 
elapsed after the start of injection, and thus the 
injection pressure can be properly controlled. Fur- 
ther, the hold pressure can be rationalized in a like 
manner. Moreover, since the injection.hold pres- 
sure is controlled by controlling the servomotor 
output torque, the injection/hold pressure can be 
accurately controlled. 

Brief Description of the Drawings 

Fig. 1 is a block diagram showing a principal 
part of an electrically-operated injection molding 
machine equipped with an injectioahold pres- 
sure control apparatus according to one embodi- 
ment of the present invention; 
Fig. 2 is a flowchart showing an injectioahold 
control process executed by a microprocessor 
for a programmable machine controller shown in 
Fig. 1; 

Fig. 3 is a diagram illustrating an injection/hold 
pressure setting screen displayed on a manual 
data input device shown in Fig. 1; and 
Fig. 4 is a diagram illustrating a lookup table 
loaded in a shared memory shown in Fig. 1 and 
storing target injection/hold pressures. 
Best Mode of Carrying Out the Invention 

An injection/hold pressure control apparatus 
(hereinafter referred to as injection pressure control 
apparatus) according to one embodiment of the 
present invention is mounted, for example, on an 
electrically-operated injection molding machine 
which is provided with various operating sections 
such as an injection mechanism, a clamping 
mechanism, a product ejector mechanism which 
are individually equipped with servomotors serving 
as their drive sources. As shown in Fig. 1, the 
injection pressure control apparatus comprises a 
numerical control unit (hereinafter referred to as NC 
unit) 100 having an additional function of controlling 
the drive of the various operating sections of the 
injection molding machine, servo circuits for in- 
dividually controlling the drive of the servomotors 
for the various operating sections, and a pressure 
sensor 4 formed of, e.g., a wire resistance strain 
gauge and mounted on a screw 1. This pressure 
sensor 4 is relatively low-priced, because the sen- 
sor should only be constructed such that it can be 
mounted on the screw i and can detect the pres- 
sure acting on the screw from a molten resin. 
Moreover, since the pressure sensor is provided 
not tn a mold but on the screw, no substantial 
difficulties are encountered in mounting the sensor 
onto the injection molding machine even if the 
machine is of a type equipped with a hot-runner 
mold. Maintenance of the sensor is also facilitated. 



In Fig. 1. reference nurre-al 2 denotes an injection 
servomotor operatively coupled to the injection 
screw 1 through a transmission mechanism 3 and 
provided with a pulse c :cer 5. and reference nu- 

5 meral 200 denotes a ser.-o circuit associated there- 
with. Illustrations of the ether servomotors, pulse 
coders and servo circuits are omitted. 

The NC unit 100 comprises a microprocessor 
(hereinafter referred tc =5 NCCPU) 107 for numeri- 

70 cal control, and a micrcrrocessor (hereinafter re- 
ferred to as PMCCPU) 109 for a programmable 
machine controller. Corrected through busses to 
the PMCCPU 109 are a read-only memory (ROM) 
112 storing a sequence program, and a random- 

75 access memory (RAM) 105 for temporarily storing 
data. Connected through busses to the NCCPU 
107 are a RAM 101 for temporarily storing data, a 
ROM 110 storing a management program for glo- 
bally controlling the injection molding machine, and 

20 a servo interface (SSU) i06 to which the aforemen- 
tioned various servo circuits and pulse coders are 
connected. 

The NC unit 100 further comprises a shared 
memory 102, an input circuit 103, an output circuit 

25 1 04, an operator panel controller (OPC) 111, and a 
bus arbiter controller (BAC) 108 interposed be- 
tween the aforesaid elements 102 to 104. 107, 109 
and 111. The shared memory 102, which is formed 
of, e.g., a nonvolatile RAM, includes a first memory 

30 area for storing an NC program and a second 
memory area for storing various molding condition 
parameters and a lookup table for target 
injection/hold pressure setting, mentioned later. 
The BAC operates to allow one of the CPUs, in a 

35 certain control period, to use associated busses 
which connects the aforesaid elements. 

Reference numeral 113 denotes a manual data 
input device (CRT/MDI) which is connected to the 
OPC 111 and constitutes part of the injection pres- 

40 sure control apparatus. The CRT'MDI comprises a 
keyboard (not shown) having various keys, includ- 
ing ten-keys, cursor keys, and input keys, and a 
CRT display unit (Fig. 3) having a display screen 
11 3a and software keys 11 4a to H4e located be- 

45 neath the screen. Each software key is operable in 
a plurality of modes, and is allocated with a func- 
tion which is different between these modes, so 
that various functions more than the total number 
of the software keys can be achieved. 

so The servo circuit 200 associated with the injec- 

tion servomotor 2 corrorises an error register 201 
which is connected to me SSU 106 of the NC unit 
100 and the pulse cocer 5 attached to the ser- 
vomotor 2. The error register 201 is arranged to 

55 receive distribution pu;ses (position commands) pe- 
riodically supplied from the NCCPU 107 via the 
SSU 106 and a feecb=c:< pulse delivered from the 
pulse coder 5 every t:~e the servomotor 2 rotates 
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by a predetermined angle, and generate an output 
indicative of the deviation (positional deviation) be- 
tween a target rotational position and an actual 
rotational position of the servomotor 2. A D/A con- 
verter 202 for converting the error register output 
into a speed command voltage and an FA/ con- 
verter 203 for generating a voltage indicative of the 
generation frequency (actual speed) of the pulse 
coder output pulses are connected to a first error 
amplifier 204 for amplifying the difference (speed 
deviation), between the output voltages of the two 
converters. 

A D/A converter 7 and a first changeover 
switch 6 are interposed between the output circuit 
104 of the NC unit 100 and a torque limit circuit 
205 which receives the output (torque command 
voltage) of the error amplifier 204. A first stationary 
contact 6a of the switch 6, which is normally con- 
nected to a movable contact of the switch 6, is 
connected to a data input terminal of the torque 
limit circuit 205, while a second stationary contact 
6b of the switch 6 is connected to a first input 
terminal of a comparator 11. A second input termi- 
nal of the comparator 11 is connected through an 
amplifier 10 to the output terminal of the pressure 
sensor 4, and the output terminal of the comparator 
is connected to a second stationary contact 8b of a 
second changeover switch 8. A first stationary con- 
tact 8a of the switch 8, which is normally con- 
nected to a movable contact of the switch 8, is 
connected to the output terminal of the torque limit 
circuit 205. Further, the output circuit 104 of the 
NC unit .100 is connected to a relay 9 which is 
operable to shift the respective movable contacts 
of the first and second changeover switches 6 and 
8 between their first and second stationary con- 
tacts. A second error amplifier 206, to which a 
current detector (not shown) attached to the ser- 
vomotor 2 for detecting a driving current flowing 
through the servomotor and the output terminal 
(movable contact) of the second changeover switch 
8 are connected, is connected to through a power 
amplifier 207 the servomotor 2. 

Referring now to Figs. 2 to 4, the operation of 
the injection molding machine of Fig. 1 will be 
described. 

Prior to the execution of injection molding cy- 
cles, an operator sets a proper target injection;hold 
pressure (hereinafter referred to as target injection 
pressure) in order to improve the quality of molded 
articles. To this end. the operator first operates the 
CRT/MDI 113 to select an injection pressure setting 
mode. Under the control of the NC unit 100 which 
responds to this mode selection, an injection pres- 
sure setting screen shown in Fig. 3 is displayed on 
the CRT display 113a. In this embodiment, it is 
possible to set a target injection pressure which is 
represented as a function of the time period 



elapsed after the start of injection. More specifi- 
cally, a target injection pressure curve which con- 
sists of one or more straight lines, one or more 
circular arcs, or a combination thereof. In this re- 

5 spect. a time axis and a pressure axis are dis- 
played on the CRT screen n 3a. In the injection 
pressure setting mode, a straight line declarative 
function, circular arc declarative function, and set- 
ting ending function are allocated to the software 

io keys 11 4a to 114c. respectively, and a message 
indicating this function allocation is displayed on 
the CRT screen. 

Then, the operator sets the target injection 
pressure curve on the CRT screen. When setting 

75 the curve of Fig. 3, for example, the operator 
operates the software key 114b in order to declare 
that the target pressure curve section to be set this 
time is formed of a circular arc. Subsequently, the 
operator operates the cursor key to move a cursor 

20 to a start point P1 of a first target curve section, 
and then operates the input key to input the start 
point P1. When an intermediate point P2 and an 
end point P3 are .input in a like manner, a first 
circular arc P1P3, which constitutes the first curve 

25 section, is drawn on the CRT screen 113a under 
the control of the NC unit 100. Second and third 
circular arcs P3P5 and P5P7, which respectively 
constitute second and third curve sections, are 
drawn in the same manner. Then, the operator 

30 operates the software key 1 1 4a to declare that the 
target pressure curve section to be set this time is 
a straight line. Theri, the operator operates the 
input key, with the cursor located on an end point 
P7 of the third circular arc. to thereby input a start 

35 point P7 of a fourth curve section formed of a 
straight line, and further inputs an end point P8 of 
the latter section. In response to this input opera- 
tion, a straight line P7P8 is drawn. Subsequently, in 
response to the entry of the respective start and 

40 end points of fifth and sixth curve sections each 
. formed of a straight line, straight lines P8P9 and 
P9P10 are drawn. While the aforesaid target injec- 
tion pressure curve is being set. numerical data 
individually indicative of the time and injection 

45 pressure corresponding to the cursor position are 
displayed on a data display section 115 of the CRT 
screen. The operator can therefore strictly set the 
target injection pressure curve with reference to the 
displayed numerical data. After completion of the 

so target curve setting, when the operator operates 
the software key 114c to command the end of the 
setting, the NC unit 100 loads the lookup table of 
the shared memory 102 with a group of target 
injectioa-hold pressure data. 

55 More specifically, in response to the operation 

of the setting end key 114c. the CPU. e.g., the 
PMCCPU 109. calculates target injection/hoid pres- 
sures pi at individual points of time corresponding 
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to time periods tr (i = 0, 1 n) elapsed from an 

instant at which the injection starts, on the basis of 
an equation representative of the target 
injectioahoid pressure curve set in the aforesaid 
manner and a time interval i determined before- 
hand by taking account of the required pressure 
control accuracy. Then, the CPU loads the thus 
calculated values into corresponding address re- 
gions (records) of the lookup table (see Fig. 4). The 
lookup table is composed of records whose num- 
ber is equal to a value N ( = Tmax/r) obtained by 
dividing the maximum value Tmax on the time axis 
by the predetermined time interval r. The value n, 
which is equal to a value obtained by dividing the 
period of time between the start of injection and 
the end of hold by the predetermined time interval 
t. represents the final hold control period. In Fig. 4, 
target pressures for (n + 1 )-th to N-th records of the 
lookup table are left undefined. 

After the target injection/hold pressure data are 
loaded into the lookup table, the injection molding 
cycle is executed basically in the conventional 
manner by means of the injection molding machine 
under the control of the NC unit 100. In brief, the 
injection molding machine is sequence-controlled 
by the PMCCPU 109 and pulses are distributed 
from the NCCPU 107 to the servo circuits to there- 
by control the drive of the servomotors for various 
axes, in accordance with the NC program, se- 
quence program, and various molding condition 
parameters.. 

In the following, the operation of the injection 
molding machine in an injection/hold process which 
constitutes the principal part of the present inven- 
tion, will be mainly explained. 

During the injection molding cycle, the 
PMCCPU 109 of the NC unit executes the 
injection/hold control of Fig. 2 at intervals of a 
period which is equal to the predetermined time 
interval t . Namely, in each control period, the CPU 
109 first determines whether or not a flag F is set 
to the value "1" which indicates that the 
injection/hold process is being executed (Step S1). 
If the value of the flag F is not rt 1, M the CPU 109 
further determines whether or not the injection pro- 
cess is started with reference to a flag in the 
shared memory 102 which flag is. different from the 
flag F and associated with the injection process 
(Step S2). More specifically, the CPU 109 executes 
the discrimination of Step S2 in accordance with 
the value of the different flag which is set to the 
value "1," indicating that the injection process is 
being executed, in response to the entry of an 
injection start signal. If it is determined in Step S2 
that the injection process is not being executed, 
the process of Fig. 2 for the present processing 
period ends, in this case, a mold opening, mold 
closing, mold clamping, metering, or cooling pro- 



cess other than the injectioahoid process is ex- 
ecuted. 

If it is determined in Step S2 that the injection 
process is being executed, on the other hand, the 
5 CPU 109 sets the flag F io the value "1" indicating 
that the injection/hold process is being executed 
(Step S3), and then actuates the relay 9 to shift the 
first and second changeover switches 6 and 8 to 
the side of the second stationary contacts 6b and 
w 8b (Step S4). Further, the CPU 109 resets an index 
i to the value "0" (Step S5). reads out target 
injection pressure data pO at the start of injection, 
stored in a zeroth recorc of the lookup table in the 
shared memory 102 corresponding to the value "0" 
75 of the index i, and outputs the data pO through the 
output circuit"l04 (Step S5). 

At this time, the target pressure data pO is 
converted into a torque command voltage in the 
D/A converter 7, and the resultant voltage is then 
20 applied to the first input terminal of the comparator 
1 1 via the first changeover switch 6. The compara- 
tor 1 1 compares the output of the pressure sensor 
4, which is applied to the second input terminal 
through the amplifier 10 and represents the pres- 
25 sure actually acting on the injection screw 1 from 
the molten resin, with the torque command voltage 
applied to the first input terminal. Thus, the present 
actual injection pressure and the target injection 
pressure are compared in the comparator 11. The 
30 comparator output (torque command voltage), 
which represents the deviation between the actual 
injection pressure and the target injection pressure, 
is applied to the second error amplifier 206 through 
the second changeover switch 8. The output of the 
35 error amplifier 206, which represents the deviation 
between the torque command voltage (current 
command) and an output voltage of the current 
detector indicative of an actual driving current, is 
applied to the injection servomotor 2 through the 
40 power amplifier 207. As a result, the output torque 
of the servomotor 2 is controlled such that the 
actual injection pressure is adjusted to the target 
injection pressure, whereby the injection pressure 
is subjected to closed-loop control. 
45 In Step S7 following Step S6 for the delivery of 

the target pressure, the PMCCPU 109 increments 
the index i by "1," anc then determines whether or 
not the updated value of the index i is greater than 
the aforesaid value n wnich indicates the final pres- 
so sure control period "(Step S8). Since the result of 
the determination in Step S8 is negative in this 
case, the process of Fig. 2 for the present process- 
ing period ends. 

When the predetermined time period r has 
ss passed after the start of injection, the CPU 109 
executes the process oi Fig. 2 again. In this case, 
since the flag F has oeen set to the value "I" in 
Step S3 of the prececmg processing period, it is 
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determined in Step Si that ihe value of ihe (leg F 
is "1." whereupon the program proceeds to Step 
S6. In Step S6. the CPU 109 reads out a target 
pressure pi. which corresponds to the value (= i) 
of the index i, from the lookup table, and outputs it 5 
to the comparator n via the output circuit 7 and 
the like. As a result, the actual injection pressure is 
adjusted to the target injection pressure pi. There- 
after, the injection/hold process control of Fig. 2 is 
executed at the predetermined time intervals r in a w 
like manner, so that the actual injection hold pres- 
sure is controlled to the target pressures pi (i = 2, 

3 n) for the individual processing periods. In 

other words, the actual injection/hold pressure 
changes closely following the target pressure curve 75 
PlPlO shown in Fig. 3, whereby the injection. hold 
pressure is rationalized, and hence the resultant 
molded articles are improved in quality. Moreover, 
since the pressure sensor 4 mounted on the screw 
1 is never exposed to the molten resin, the sensor 20 
is prevented from being lowered in performance, 
and therefore, is prolonged in service life. 

If it is determined in Step S8 of a subsequent 
processing period that the value of the index i is 
greater than the value n indicative of the final 25 
pressure control period, "and therefore, the hold 
process is completed, the PMCCPU 109 actuates 
the relay 9 to shift the respective movable contacts 
of the first and second changeover switches 6 and 
8 to the first stationary contact side (Step S9). 30 
Then, the PMCCPU 109 resets the flag F to the 
value "0" which indicates that the injection/hold 
process is not. being executed (Step S1O), and sets 
a flag, which is different from the flag F and asso- 
ciated with the metering process, to the value "1" 35 
indicative of a metering process commenceable 
state (Step Si 1 ). whereby the injection/hold control 
processing ends. 

During the execution of the metering process, 
the NCCPU 107 distributes pulses to the error 40 
register 201 of the servo circuit 200 in accordance 
with the NC program. The deviation between the 
positional deviation output (speed command) from 
the error register and the actual speed output from 
the FV converter 203 is applied to the input termi- 45 
nal of the torque limit circuit 205 through the first 
error amplifier 204. Data from the PMCCPU 109. 
which represents a target back pressure to be 
applied to the resin through the screw 1, is applied 
to the data input te/minal of the torque limit circuit 50 
205 via the output circuit 104. D/A converter 7, and 
first changeover switch 6. Accordingly, the output 
of the first error amplifier 204 is restricted to a level 
not higher than the target back pressure in the 
torque limit circuit 205. and is then applied to the 55 
second error amplifier 206 through the second 
changeover switch 8. In accordance with the result 
of the comparison m the error amplifier 206 be- 



tween the torque limit drew: output and the actual 
motor driving current, a drivrsg current is Supplied 
from the power amplifier 20* to the servomotor 2. 
In this manner, the position, speed, and torque are 
controlled by the servo circ.;i 200 during the me- 
tering process. 

Claims 

1. In an injection pressure control apparatus for 
use in an electrically-orerated injection mold- 
ing machine in which an injection screw is 
driven in an axial direction thereof by means of 
a servomotor, to thereby apply an injection 
pressure to a molten res;n through the injection 
screw, said injection pressure control appara- 
tus comprising: 

a pressure sensor mounted on the injec- 
tion screw for generating an output indicative 
of a pressure applied to the injection screw by 
the molten resin and corresponding to an ac- 
tual injection pressure: 

setting means for setting a target injection 
pressure beforehand: and 

control means for controlling the actual 
injection pressure in a ciosed-loop to the target 
injection pressure in accordance with the pres- 
sure sensor output and the target injection 
pressure. 

2. An injection pressure control apparatus accord- 
ing to claim 1, wherein said setting means is 
operable to variably set said target injection 
pressure in accordance with a time period 
elapsed after the start of injection. 

3. An injection pressure control apparatus accord- 
ing to claim 1, wherein said control means 
includes a numerical control unit for delivering 
said target pressure and a servo circuit having 
a position control section responsive to a posi- 
tion command supplied from said numerical 
control unit, a speed control section responsive 
to an output of said position control section, 
and a torque control section responsive to an 
output of said speed control section to control 
an output torque of said servomotor; 

wherein said injection pressure control ap- 
paratus further includes a comparator connect- 
ed to said pressure sensor, a first changeover 
switch for selectably connecting any one of 
said speed control section and said compara- 
tor to said numerical control unit, and a second 
changeover switch for selectably connecting 
any one of said speed control section and said 
comparator to said torque control section; and 

wherein said control means is operable to 
connect said comparator to said numerical 
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control unit and said torque control section 
through the first and second changeover 
switches during execution of an injection pro- 
cess, thereby applying an output of said com- 
parator, indicative of a deviation between the 5 
pressure sensor output and the target pres- 
sure, to said torque control section during the 
execution of said injection process. 

4. An injection pressure control apparatus accord- w 
ing to claim 2, wherein said setting means 
includes a display unit having a display screen. 

a manual data input means, second control 
means, and storage means; 

wherein said display unit is operable, un- 75 
der the control of said second control means, 
to display on the display screen a target injec- 
tion pressure curve represented as a function 
of the time period elapsed after the start of 
injection, in accordance with data manually in- 20 
put through said manual data input means; and 

wherein said second control means is op- 
erable to calculate target injection pressure 
data for each of a plurality of time points after 
the start of injection on the basis of said target 25 
injection pressure curve, and store the cal- 
culated data in said storage means. 

5. An injection pressure control apparatus accord- 
ing to claim 3, wherein said target injection 30 
pressure curve is a combination of a straight 

line section and a circular arc section. 

6. An injection pressure control apparatus accord- 
ing to claim l, wherein said injection molding 35 
machine is operable to apply a hold pressure 

to the molten resin through said injection 
screw, said pressure sensor being operable to 
generate a second output indicative of a pres- 
sure corresponding to an actual hold pressure, 40 
said setting means being operable to set a 
target hold pressure beforehand, and said con- 
trol means being operable to control the actual 
hold pressure in a closed-loop to the target 
hold pressure, in accordance with the pressure 45 
sensor output and the target hold pressure. 
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CLAIMS 

1 - In an injection pressure control apparatus for 
use in an electrically-operated injection molding 
machine in which an injection screw is driven in an 
axial direction thereof by means of a servomotor, to 
thereby apply an injection pressure to a molten resin 
through the injection screw, said injection pressure 
control apparatus comprising : 

a pressure sensor mounted on the injection screw 
for generating an output indicative of a pressure 
applied to- the injection screw by the molten resin and 
corresponding to an actual injection pressure; 

setting means for setting a target injection 
pressure beforehand ;. and 

control means for controlling the actual injection 
pressure in a closed-loop to the target injection 
pressure in accordance with the pressure sensor output 
and the target injection pressure. 

2. An injection pressure control apparatus 
according to claim 1. wherein said setting means is 
operable to variably set said target injection pressure 
in accordance with a time period elapsed after the 
start of injection. 

3. An injection pressure control apparatus 
25 according to claim 1. wherein said control means 

includes a numerical control unit for delivering said 
target pressure and a servo circuit having a posit ion 
C -^lL r fi..^.£ii£ n responsive to a position command 
supplied from said numerical control unit, a speed 
>°??. r ° 1 sect i£n responsive to an output of said 
position control section, and a torque control sect ion 
responsive to an output of said speed control section 
to control an output torque of said servomotor: 

wherein said injection pressure control apparatus 
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further includes a com parator connected to" said 
pressure sensor, a first changeov er switch for 
selecta bly connecting- any one of said speed control 
section and said comparato r to said numerical control 
uni t : , and a seco nd changeover switch for selectably 
connect i n g any one of said speed control section and 
said c omparator to said torque co ntrol section; and 

wherein said control means is operable to connect 
said co mparator to said numerical control unit and said 
torque control s ection through the first and second 
changeover switches during execution of an injection 
process, thereby applying an ou tput of said comparator, 
iiidi c a tJ^ve_ot_ a_de v i a t i on between the pressure sensor 
output and the target pressure , to said torque control 
sectio n during the execution of said injection process. 

4. An injection pressure control apparatus 
according to claim 2, wherein said setting means 
includes a display unit having a display screen, a 
manual data input means, second control means, and 
storage means; 

wherein said display unit is operable, under the 
control of said second c on t r o > 1 m e an s . to display on the 
display screen a target injection pressure, curve 
represented as a fua ct-i^n _o£ the tirn^ ^per iod elapsed 
after the start of injection, in accordance with data 
manually input through said manual data input means; 
and 

wherein said second control means i s op erab le to 
calculat e t arget injection pressure data for each of a 
plurality of time po ints after the start of injection 
on the basis of said target injection pressure curve, 
and store the calculated^da ta in said storage means. 

5. An injection pressure control apparatus 
according to claim 3. wherein said target injection 
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pressure curve is a combination of a straight line 
section and a circular arc section. 

6. An injection pressure control apparatus 
according- to claim 1, wherein said injection molding 
machine is operable to apply a hold pressure to the 
molten resin through said injection screw, said 
pressure sensor being operable to generate a second 
output indicative of a pressure corresponding to an 
actual hold pressure, said setting means being operable 
to set a target hold pressure beforehand, and said 
control means being operable to control the actual hold 
pressure in a closed-loop to the target hold pressure, 
in accordance with the pressure sensor output and the 
target hold pressure. 
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